A 5% significance level was considered.
Introduction
Osteoporosis is a bone metabolic disorder that is characterized by reduced bone mineral density (BMD), with deterioration of bone microarchitecture, leading to increased skeletal fragility and risk of fracture. 1 Osteoporosis is the most common bone disease in humans and is being considered as one of the major public health problems worldwide, due to an increase in life expectancy of the population and to the high rate of morbidity and mortality related to fractures, especially those in the hip. 2 In Brazil, it is estimated that there are approximately 10 million people with osteoporosis, 3 affecting individuals of both genders and all races, and its prevalence increases as the population ages. 4 About 25% of post-menopausal women and 15% of men over 50 are affected by the disease. 3 According to the Ministry of Health of Brazil, in 2012 about 1.6 million fractures from osteoporosis were registered. 3 Fractures, especially in the hip, are associated with falls, regardless of bone density, 5 and ultimately reduce the quality of life. 6 Each year, the Unified Health System (SUS) in Brazil has shown increasing costs of fracture treatment in older people. Only in 2009 R$57,610,000.00 were spent with admissions and R$24,770,000.00 with drugs for the treatment of osteoporosis. 3 Among the determinants of BMD, one can find genetic factors (family history of fracture and osteoporosis in first-degree relatives), advanced age, white and oriental race, and chronic estrogen deprivation -and all of these variables cannot be modified. 7 But in fact, there are modifiable factors: eating habits, sedentary lifestyle, body composition, smoking, prolonged corticosteroid therapy, excessive intake of alcohol and coffee, and low sunlight exposure. 7, 8 Bone density is the main measurable determinant of risk of occurrence of a fragility fracture 9 wherein lower body mass index (BMI) is associated with a substantially increased risk of fractures. 10 This study aims to investigate the association between BMI and BMD in a sample of postmenopausal women undergoing bone densitometry in Palmeira das Missões -RS.
Materials and methods
We conducted an observational study of postmenopausal women who underwent bone densitometry in a clinic specializing in imaging diagnostic of the city of Palmeira das Missões -RS between October 2012 and December 2013.
The sample consisted of 393 women who agreed to participate in the study and signed an informed consent.
Socio-demographic data (age, marital status, education, and occupation) and risk factors for low BMD (smoking, sedentary lifestyle, and consumption of certain foods: milk, yogurt, cheese, alcohol and coffee) were evaluated by using a standardized questionnaire. In this sample, women who did not perform exercise were classified as sedentary subjects.
The anthropometric parameters assessed were weight, height, and BMI. Weight was measured using a calibrated anthropometric scale, with the barefooted patient wearing a hospital gown for the measurement. Height was measured using a stadiometer attached to the anthropometric scale, with the woman in an upright position, with arms hanging along the body and with heels together. BMI was calculated by applying the Quetelét equation, that is, the division of weight (kg) by height (m) squared. For the classification of nutritional status, the WHO's reference was used 11 : underweight: ≤18.5 kg/m 2 , normal weight: 18.5-24.9 kg/m 2 , overweight: 25.0-29.9 kg/m 2 , obesity: ≥30.0 kg/m 2 .
The assessment of BMD was performed by dual-energy Xray absorptiometry (DXA). The densitometric measurements of lumbar spine, femoral neck and total femur were evaluated with the use of a GE Lunar DPX-NT 150951 device. The values found were classified according to the World Health Organization (WHO) in T-score ≤ (−2.5): osteoporosis, and T-score between (−1.01) and (−2.49): osteopenia. 12 The bone densitometry results are presented using the absolute values of BMD (g/cm 2 ).
Data were entered in Excel and exported to the SPSS software, version 18, for subsequent statistical analysis. Quantitative variables were described as mean ± standard deviation, and categorical variables were described as frequencies and percentages. Prevalence ratios (PR) and their respective 95% confidence intervals for the factors studied were calculated. Variables associated with p < 0.20 and with the outcomes studied (osteopenia and osteoporosis) were included in a Poisson regression model with a robust variance to adjustment for potential confounders. A 5% significance level was considered.
All participants received guidance regarding the Ten Steps for a Healthy Nutrition of the Ministry of Health of Brazil.
This study is part of a larger project that was approved by the Research Ethics Committee of the Universidade Federal de Santa Maria, under number CAEE 05494112.0.0000.5346, opinion 119405 of October 10, 2012. All provisions of Resolution No. 466/12 of the National Health Council were followed.
Results
The sample consisted of 393 postmenopausal women undergoing bone densitometry. The mean age was 59.6 ± 8.2 years. The prevalence of osteopenia was 45% (n = 222) and of osteoporosis was 23.3% (n = 113). Table 1 presents the socio-demographic characteristics and risk factors for osteoporosis in our sample. Women with a partner (68.7%), with four to eight years of education (51.7%), and retirees (46.3%) were more frequent. The majority of the sample were sedentary (58.5%) and a minority were of smokers (11.5%).
In Table 2 , it was found that 31.6% consumed alcoholic beverages, and 34.4% were coffee drinkers. As for dairy products evaluated, it was found that most of the sample (40.5%) consumed milk once a day, never consumed yogurt (41.5%), and consumed cheese once a day (33.6%).
In Table 3 , PR for osteopenia versus BMI and age was checked. After the adjustments, it was found that PR for osteopenia in eutrophic women is significantly higher versus obese women. Eutrophic women have 1.2 times the prevalence of osteopenia of obese women, after the adjustment for age. With regard to age, it was found that advancing age significantly increases the prevalence of osteopenia. Women aged Table 4 shows PR for osteoporosis related to BMI, age, marital status and smoking status. After the adjustments, it was found that, with respect to BMI, the PR for osteoporosis in the group of normal-weighted women is twice the PR for obese women, being 1.7 times higher in overweight versus the obese category. The PR for osteoporosis is also higher in the age group ≥60 years, being twice the PR for patients under 49 years. Women without a partner also had a higher PR for osteoporosis versus women with a partner, after the adjustment for potential confounders. There was no significant association in relation to smoking and alcohol consumption. Table 5 shows the T-score values and BMD for femoral neck, total femur and vertebral bodies in eutrophic, overweight and obese women. All values were significantly different (p < 0.001).
Discussion
This is one of the few studies evaluating the relationship between BMI versus osteopenia and osteoporosis in Brazil. PR for osteopenia and osteoporosis was lower in obese women. In addition to BMI, advancing age also showed a correlation with higher prevalence of osteopenia and osteoporosis. Women without a partner had a higher prevalence of osteoporosis.
Analyzing the association of BMI with BMD, it was found that obese women had lesser osteopenia and osteoporosis, confirming the findings of previous studies, in which the presence of a high BMI has a positive effect on BMD. 13 A crosssectional study with 588 patients confirms the influence of BMI on BMD and indicates the lower prevalence of osteoporosis in the obese group. 9 In a case-control study conducted in Rio Grande do Sul, it was observed that the group of patients with fractures had lower BMI versus patients without fractures 10 ; furthermore, other studies indicate a protective effect of a high BMI. 14, 15 The relationship between body weight and osteoporosis is widely debated, 13 but this topic has not yet been fully elucidated, although several explanations have been proposed: a higher body weight imposes a greater mechanical load on the bone, with an increase of bone mass in order to accommodate this load, 16 and body fat seems to exert a protective factor for fractures. 13 Furthermore, adipocytes are important estrogen production sources, causing an increase in serum levels of this hormone and also of other hormones, such as leptin, insulin, preptin, and amylin, and may act directly and/or indirectly on osteoblast and osteoclast activity, resulting in the development of bone mass. 13 Despite a lower prevalence of osteoporosis in obesity found in this study, it is important to note that not all types of fat are beneficial for bone mass. Subcutaneous and visceral fat has opposite effects on the bone structure. Visceral fat promotes systemic inflammation, which can lead to bone loss, 17 besides having an association with increased levels of proinflammatory cytokines such as TNF and IL-6, which increase bone resorption and promote osteoporosis. 18 Hypercortisolism, which is associated with lower levels of bone mass, also displays an association with visceral fat accumulation. 19 On the other hand, subcutaneous fat appears to be beneficial for peak bone mass, considering that proteins that are potentially protective against the development of osteoporosis, for instance, adiponectin, are present at higher levels in visceral versus subcutaneous fat. 18 Obesity is also associated with many diseases, e.g., hypertension, 20 acute myocardial infarction, 21 atherosclerosis, 22 diabetes mellitus type II, 23 cardiovascular diseases, 23 metabolic syndromes, 24 and some cancers. 16, [20] [21] [22] [23] [24] [25] Current evidence has shown that an excess of adipose tissue, observed in obesity, is responsible for the uncontrolled secretion of inflammatory mediators, which leads to a chronic state of lowintensity systemic inflammation that underlies the metabolic and cardiovascular outcomes. 26 The consumption of dairy products showed no significant correlation with BMD, possibly due to the daily consumption of milk and cheese for a large number of subjects in our sample. It is known that, in some individuals, an adequate intake of calcium is effective in preventing bone loss. 27 In this study, there was no significant relationship of coffee with BMD. Choi et al., 28 in a recent study that evaluated 11,064 women and 9213 men, also found no association between BMD and caffeine. Furthermore, a prospective study of 96 women over 65 years, followed during 3 years showed that a caffeine intake >300 mg/day accelerated spinal bone loss. 6 Older age proved to be a very significant factor for decreased bone mass, which agrees with other published studies. 6, [29] [30] [31] Peak bone mass is achieved between adolescence and the age of 35, 1 and at least half of the adult bone mass is acquired during adolescence. 32 Henceforth, the bone mass remains relatively constant until the woman enters the menopause. After menopause, there is a phase of rapid bone loss over 5-10 years, followed by a somewhat slower phase induced by age. 33 In the elderly, the ultimate goal of prevention is to minimize bone loss and prevent falls. The exercises also aim to improve balance and gait pattern, with a view to a better independence status; furthermore, the exercise contributes to a better quality of life. 1 Menopause is also a risk factor that is associated with an imbalance in bone metabolism, and the first five to ten postmenopausal years constitute the period in which occurs the largest amount of bone loss. Approximately 35% of postmenopausal women suffering from low BMD are at increased risk of osteoporosis and of suffering fractures over the years. The decline in estrogen production is the main determinant of this imbalance, 9 coinciding with a reduced level of calcium absorbed by the intestine, due to the low production of calcitonin, a hormone that inhibits bone demineralization, 34 although many other factors may contribute. 9 Estrogen deficit is an important determinant of bone loss during menopause, and in early cases, the risk is much higher. 34 Women without partners showed more osteoporosis in our study. There is evidence of an association between marriage with reduced risk of osteoporosis fractures versus living alone. 35, 36 Apparently, marriage provides "protection" against adverse health outcomes through a change of health behaviors and through social networks stemmed from that union. 37 This association can be explained by two processes: one of them is that marriage provides a protective effect, composed of a complex set of environmental, social and psychological factors; and the other process is that unmarried individuals are less healthy. 37, 38 The marital disruption through divorce or widowhood can be a source of psychological stress that can influence bone quality. On the other hand, marriage is traditionally associated with greater economic security for the woman and can lead to decreased psychological stress, which can influence the overall/bone health; however, marital quality is associated with better bone health for women. 39 This study suffers from some limitations related to risk factors for osteoporosis. We did not collect information about the presence of a previous fracture, a maternal history of femur fracture and/or osteoporosis, age at menarche and at menopause, treatment with corticosteroids, hormone replacement therapy, sunlight exposure, and vitamin D and calcium supplementation.
Conclusion
In a sample of women undergoing bone densitometry in the northwestern area of the state of Rio Grande do Sul, obese women had a lower prevalence of osteopenia compared to normal-weight women; moreover, this group showed a lower prevalence of osteoporosis as compared to normal-weight and overweight women. The prevalence of osteopenia increased with advanced age, and in cases of osteoporosis, PR was higher in those aged over 60 years. PR for osteoporosis was significantly higher in women without a partner.
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